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(54) Light emitting device 

(57) The light emitting device comprises a first clad layer 2 and a second clad layer 5 formed successively on 
a semiconductor substrate 1, an active layer 3 and a current block layer 4 for current constriction both 
interposed between said first and second clad layers 2, 5 so as to be coplanar, a first electrode 7 formed on the 
surface of the substrate opposite to the first clad layer % and a second electrode 6 formed on the second clad 
layer 5. The active layer may comprise GaAs and the clad layers AIGaAs. A Bragg reflective layer 8 is disposed 
within the layer 2 or between the substrate and the layer 2. 
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TTRHT EMIT TTWC DEVICE 

^ The present invention relates to a light emitting device, 

and, in particular, it relates a light emitting device with a 
5 high light emitting output. 

Since light emitting devices consume less electric power and 
generate less heat, as well as being advantageous for 
miniaturising products, they have been used in various field of 
10 application. However, devices of smaller size and higher light 
emitting output are demanded. 

In view of the above, various methods have been devised in 
recent years for improving both the efficiency of emission and 

15 the output of the light emitting device. For example, there has 
been adopted a method of disposing a Bragg reflective layer on 
the side opposite to an active layer, a method of disposing a 
current block layer (current inhibiting layer) just under an 
electrode for avoiding the interruption of light emitted from an 

20 active layer by the electrode, or a method of applying resin- 
sealings to suppress loss due to total reflection at the surface 
of the light emitting device. 

For instance, US Patent No. 5,153,889 proposes a 
25 semiconductor light emitting device, comprising a semiconductor 
substrate of a first conductivity type, reflective layer of the 
first conductivity type formed on 
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the front surface of the substrate, a transparent buffer 
layer of the first conductivity type formed on the 
reflective layer, a double hetero structure portion formed 
of an InGaAlP series material, positioned on the 
transparent buffer layer, and consisting of a lower clad 
layer of the first conductivity type, an upper clad layer 
of a second conductivity type and an active layer 
interposed between the lower and upper clad layers, a 
current spreading layer of the second conductivity type 
~ formed on the double hetero structure portion, a first 
electrode formed on the current spreading layer, a second 
electrode formed on the back surface of the substrate, and 
a current inhibiting layer of the first conductivity type 
formed in a part between the double hetero structure 
portion and the first electrode in a manner to face the 
first electrode and disposed just under the first 
electrode . 

One of light emitting devices disclosed in US Patent 
No. 5,153,889 has a layer structure illustrated as in Fig. 
2. 

The layer structure shown in Fig. 2 is an example of 
light emitting devices adapted such that a current block 
layer 4 is disposed just under an electrode 6 within the 
second clad layer 5 disposed on an active layer 3, so as to 
reduce light which can not go out due to interruption by 
the electrode 6 since emitted just under the electrode 6. 

However, it can not still be said that the light 
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emitting output of the light emitting devices of the prior art is 
sufficient, and there is still a great demand for the improvement 
of the light emitting output of the light emitting devices and a 
further improvement has been desired. 

5 " . .. 

According to the present invention there is provided a light 
emitting device comprising a first clad layer and a second clad 
layer formed successively on a semiconductor substrate, an active 
layer and a current block layer interposed between said first and 

10 second clad layers, said current block layer being disposed in 
parallel with the active layer at an identical plane with that of 
the active layer and at least a portion of the periphery of the 
active layer of current constriction, a first electrode formed on 
the surface of the substrate opposite to the first clad layer, 

15 and an electrode formed on the second clad layer. 

Preferably the current block layer is adjacent at least a 
portion of the periphery of the active layer. 

20 Advantageoxisiy, the current block layer surrounds the active 

layer. 

The present invention may provide a light emitting device 
having an iii5>roved light emitting output. 

25 

The present invention may provide a light emitting device 
with an increased current density, a reduced light absorption and 
a reduced light-reflection as compared with the prior art, and a 



r«narkabiy improved brightness as compared with those in the 
prior arts. 

It has been found that by disposing a current block layer 

V. 

and the active layer so as to have a common plane, the light 
emitting output, for example, brightness of a light emitting 
device may be remarkably improved. 

In order that the invention may be better understood, the 
following description is given, merely by way of example, with 
reference to the accompanying drawings, in which: 



Fig. 1 is an explanatory view illustrating of a 
structure of a light emitting device according to the 
present invention, that is, (a) is the top view thereof and 
(b) is the cross-sectional view thereof; 

Fig. 2 is an explanatory view illustrating of a 
structure of a light emitting device in the prior art; 

Fig. 3 is an explanatory view illustrating of a 
structure of a light emitting device of Comparative Exanple 
1, that is, (a) is the top view thereof and (b) is the 
cross-sectional view thereof; and 

Fig. 4 is a view illustrating of the relation of light 
emitting output and conducting-current of light emitting 
devices bet%feen Exainple 1 and Comparative Exanple 1. 



A light emitting device (herein after referred to as "I£D") 
according to the present invention comprises on a semiconductor 
substrate 1 a first clad layer 2. an active layer 3, a current 
block layer 4 disposed to have a common plane (so that they are 
in parallel and side by side) with the active layer 3 and 
adjacent to the active layer 3 around at least a portion of a 
periphery of the active layer 3, a second clad layer 5 and a 
second electrode 6 formed thereon successively. K first 
electrode 7 is disposed on the surface of the substrate 1 
opposite to the first clad layer. 



There is no particular restriction on the material of 
the LED according to the present invention, but usually a 
material composed of a Group III-V compound or a Group II- 
VI compound is used. As the Group III-V compound, a GaAs- 
based compound or GaP-based compound can be used, and a 
ZnSe-based con?JOund can be used as the Group II-VI 
confound . 

Now, description will be made to a case of producing 
an LED having a structure according to the present 
invention with a Group III-V compound for the sake of 
convenience, but it will be apparent that the LED can also 
be produced by other compounds, for example, a Gxcosp II-VI 
ccHipound. 

For the substrate 1, a GaAs or GaP substrate is 
generally used and it has usually an n-type conductivity. 
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The thickness of the substrate is usually from 50 to 500 
im, preferably from 250 to 360 |un. 

The first dad layer, 2 is formed on the substrate 1. 

r 

The eoii5)osition of the first clad layer 2 is generally 
composed of AlGa?^ and the conductivity of the first clad 
layer 2 nay be identical with that of the substrate 1. The 
con^sition ratio of aluminum and gallium in the first clad 
layer 2 varies depending on the conposition of the active 
layer 3 and the amount of aluminum in the first ~ clad layer 
2 increases as the -amount of aluminum in the active layer 3 
is greater. A concrete conqposition thereof nay be 
determined taking a band gap into consideration. The 
thickness of the first clad layer 2 is usually from 0.1 to 
50 van, preferably fr«n 0.1 to 10 }un. There is particular 
restriction on a dopant, and selenium, silicon or the like 
is used as the dopant. Silicon having good controllability 
for growing is preferred. 

In a preferred entbodisent of the present invention, a Bragg 
ref laetive layer • aay be disposed vithin the first clad layer 2 
(as shown) or between the substrate 1 and the clad layer 2 
2. The Bragg reflective layer 8 is eoo^osed of a laminate 
aade of materials having different refractive indices, 
«dd.cb are stacked alternately each at a thickness 
determined depending en the refractive index and a 
wavelength of light intended to be reflected. The laminate 
has a property of reflecting light. Since this laminate 



can reflect light on the light teke-out side, the luminous 
efficiency (light emitting efficiency) can be iinproved. 

The thickness of the Bragg reflective layer, € is less 
than 50 |im, preferably from 1 to 20 |iro. 

Then, the active layer 3 is formed on the first clad 
layer 2. The conductivity of the active layer 3 is usually 
a p-type and a material having a band gap smaller than that 
of the first clad layer 2 is generally used. For instance, 
in case where the first clad layer 2 is composed of 
Alo.56ao.5As, a Zn-doped 6aAs having a carrier density of 
about 2 X 10" to 8 X lO^'' cm-3 and a thickness of about 0.3 
to 2 may be formed as the active layer on the first clad 
layer 2. 

A layer having a low carrier density and a high resistance 
is disposed as a current block layer 4. having a common plane 
with the active layer, so that the current block layer 4 and 
active layer 3 are parallel and side by side, preferably with the 
current block layer 4 adjacent to the active layer 3 and 
surrounding the active layer 3. In case of using GaAs-based 
confound, an i-type AlGaAs layer of an Indirect transition type 
at high Al concentration la preferably di^sed. The Al-6a 
composition may be the same as that used for the first clad layer 
2 or the second clad layer 5. Then, it is preferably an 1-type 
material not having dopant added intentionally. The thickness of 
the current block layer 4 aay be identical. 
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with that of the active layer 3, but is preferably greater 
than that of the active layer 3. Concretely, the thickness 
of the current block layer 3 is about from 1 to 8 jim. In 
this case, if an AlGaAs layer is formed, light confining 
effect can also be obtained in view of relation with a 

refractive index. 

Then, the second clad layer 5 is formed on the active 
layer 3 and the current block layer 4 . The second clad 
layer 5 has a conductivity opposite to that of the first 
clad layer 2 and it has usually a p-type conductivity. The 
composition of the second clad layer 5 used may be 
identical with that of the first clad layer 2 except for 
the dopant so long as the layer has a band gap greater than 
that of the active layer 3. In this embodiment, the 
composition of the second clad layer 5 is Alo.5Gao.5As, the 
dopant is Zn and the concentration of 2n is about from 5 x 
10^8 to 3 X 1019 cm-3. The thickness of the second dad 
layer 5 may be selected optionally within such a range as 
not hindering light taking-out and it is preferably about 
from 0.5 to 50 jim. 

The second electrode 6 is disposed on the second clad layer 
5, in this case, the second electrode € preferably has an 
aperture so that it is present only above the blocdc layer 4 so as 
not to interrupt light emitted from the active layer 3. The 
first electrode 7 is disposed on the surface of the 
substrate 1 opposite to the first clad layer 2. The first 
electrode 7 on the side not taking out the light undergoes 
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no such restriction of the second electrode 6. The 
thickness for each of the first and the second electrodes 
is preferably from 0.3 to 2 ^ni. 

Further, a light take-out layer may be disposed 
between the second clad layer 5 and the first electrode 6. 

For the method of manufacturing the LED according to 
the present invention, various methods such as LPE process, 
MOCVD process, VPE process, MOVPE process or MBE process 
may be applied, and the MBE process or MOCVD process is 
preferred in a case of using the Bragg reflective layer. 

There is no particular restriction for the order of 
forming each of the layers so long as the structure 
according to the present invention can be fabricated. 
Referring to an example, the first clad layer 2 and the 
active layer 3 are grown on the substrate in order, and 
SiNx is grown thereon by an adequate means. Then, the 
masking is applied by means of photolithography or the like 
only to a portion leaving the active layer, and not masked 
SiNx is etched. Further, the etching is applied till a 
portion of the first clad layer 2 is eliminated. 

Successively, the current block layer 4 is grown. In 
this instance, if the current block layer 4 is composed of 
a composition containing rich aluminum or zinc and is 
liable to cause deposition of polycrystals on a mask, the 
supply of a halide gas or the like simultaneously with a 
material gas for growing is preferred because of preventing 
occurrence of polycrystals. After the completion of the 
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growing of the current block layer 4, the mask is removed 
and the second clad layer 5 is grown thereon to a desired 
thickness, thereby obtaining the structure according to the 
present invention. 

The LED of the present invention has more excellent 
light emitting output than that in the prior art. 

Since the LED according to the present invention has a 
higher current density in the active layer and reduced 
light absorption and reflection as compared with LEDs of 
the comparative example/ the light emitting output , for 
example / brightness is improved at least 50% as compared 
with those of the prior arts. 

Description will be made to the present invention 
referring to examples but the present invention is not 
restricted only to the examples. 

EXAMPLE 1 

An n-type silicon-doped Alo^sGa^sAs (carrier density: 
5 X 10^® cm"3) was grown as a first clad layer by 10 fim in 
thickness on an n-type GaAs stabstrate. In the course of 
the growing, Alo.1Gao.9As and AlAs were stacked by 10 pairs 
as the Bragg reflective layer. Then, a p-type Zn-doped 
GaAs (carrier density: 5 x 10^'^ cnr^) was grown as the 
active layer by 1 pm in thickness on the first clad layer. 
Subsequently, etching was applied by photolithography after 
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masking a 100 }Xm-diameter area around the center thereof 
with SiNx as a portion used as the active layer. Then, an 
undoped Alo.5Gao.5As was grown by 5 jim in thickness as the 
current block layer and, successively, a p-type Alo.5Gao.5As 
(carrier density: 3 x lO^^ cni-3) was grown by 20 ^im in 
thickness on the active layer as the p-type second clad 
layer. Then, a flat pattern of the electrode was disposed 
such that the electrode covers only portion above the 
current block layer. Fig. 4 shows a relation between the 
conducting-current and the light output characteristic of 
the LED. 

rOMPARATTW. F.YAMPT.K 2 

An LED was produced with the same structure as that in 
the Exantple 1 except for not disposing the current block 
layer. This structure was the same as that shown in Fig. 3. 
Fig. 4 shows a relation between the current supplied and the 
light output characteristic of this LED. 

As apparent from the foregoing results, the light 
output could be increased by about 1.5 times. 
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CLAIMS 



1. A light emitting device comprising: 

a first clad layer (2) and a second clad layer (5) formed 
5 successively pn a semiconductor substrate (1) . 

an active layer (3) and a current block layer (4) for 
current constriction both interposed between said first and 
second clad layers (2,5) so as to have a common plane (4) • 

a first electrode (7) formed on the surface of the substrate 
10 opposite to the first clad layer (2), and 

a second electrode (6) formed on the second clad layer (5) • 

2. A light emitting device as defined in claim 1, wherein 
the current block layer (4) is adjacent at least a portion of the 

15 periphery of the active layer (3) . 

3. A light emitting device is defined in either one of 
claims 1 and 2, wherein the current block layer (4) surrounds the 
active layer (3) . 

20 

4. A light emitting device as defined in any one of the 
preceding claims, wherein the thickness of the current block 
layer (4) is greater than the thickness of the active layer (3). 

25 5. A light emitting device as defined in claim 4, wherein 

the thickness of the current block layer (4) is from 1 to 8 /im 
and the thickness of the active layer (3) is from 0.3 to 2«0 /m. 

6. A light emitting device as defined in any one of the 
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preceding . Claims, wherein a Bragg reflective layer (8) is 
disposed either within the second clad layer (2) or between the 
^ second clad layer (8) axi& the substrate (1) . 

5 7. A light emitting device as defined in any one of the 

preceding claims, wherein the first electrode (6) has an aperture 
at a position above at least part of the active layer (3) 

8. A light emitting device is defined in claim 7, wherein 
10 the first electrode (6) is formed in a substantially identical 

pattern with that of the current block layer (4) . 

9. A light emitting device constructed and arranged 
substantially as hereinbefore described with reference to Figs.l, 

15 3 and 4 of the accompanying drawings. 
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